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OBJECTIVE

This epidemiological analysis of the pooled Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) co-
hort describes the equivalence of a 1-percentage point increase in HbA1c (such as
from 7% to 8%) and years of additional age or duration of type 1 diabetes (T1D)
relative to the risk of complications.

RESEARCH DESIGN AND METHODS

Separate Cox proportional hazards models determined the number of additional
years of age and/or duration of T1D that would result in the same increase in risk of
microvascular (retinopathy, nephropathy, and neuropathy) and cardiovascular
complications and mortality as a 1-percentage point increase in HbA1c.

RESULTS

The risk of any cardiovascular disease associatedwith a 1-percentage point increase
in HbA1c was equivalent to the risk associated with 4.3 (95% CI 2.7–5.9) additional
years of age or 5.6 (95% CI 2.7–6.5) additional years’ duration of T1D. The risk of
estimated glomerular filtration rate <60 mL/min/1.73 m2 and/or end-stage renal
disease associated with a 1-percentage point increase in HbA1c was equivalent to
the risk associatedwith12.1 (95%CI 8.3–15.9) additional years of ageor 18.0 (95%CI
4.3–31.7) additional years’ duration of T1D. The proliferative diabetic retinopathy
risk associated with a 1-percentage point increase in HbA1c was equivalent to the
risk associatedwith 6.4 (95% CI 5.3–7.4) additional years’ duration of T1D, while for
mortality risk, it was equivalent to the risk associated with 12.9 (95% CI 6.6–19.3)
additional years of age.

CONCLUSIONS

Our resultshelpevaluate the impactofglycemiaonadvancedcomplications inaway
that may be more interpretable to health care providers and individuals with T1D.
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Individualswith type 1diabetes (T1D) are
at increased risk of microvascular and
cardiovascular complications compared
with the general population without di-
abetes (1–3). While mortality also has
been historically higher in this vulnerable
population, more recent findings are
mixed (3–7).
The Diabetes Control and Complica-

tions Trial and its observational follow-
up study, the Epidemiology of Diabetes
Interventions and Complications study
(DCCT/EDIC), demonstrated that hyper-
glycemia is a major risk factor for vascular
complications and mortality in individu-
als with T1D, as are age and/or longer
duration of T1D (8–10). In this study, we
describe the effects of average glycemia
on the risk of adverse outcomes in terms
of an equivalent number of additional
years of age or T1D duration. We have
performed analyses for microvascular
(retinopathy, nephropathy, and neurop-
athy) complications and cardiovascular
disease (CVD) as well as mortality.
We previously showed that older age

and hyperglycemia are associated with
increased risk of CVD in DCCT/EDIC (11).
Since better glycemic control decreased
the risk of CVD, then at any year of age
(e.g., 50 years), an individual with a higher
HbA1c level (for example, of 8%) would
have a higher risk of CVD than a same-
aged individual with an HbA1c level of 7%.
We now estimate how many additional
years of age would be required for the
participant with the HbA1c level of 7% to
reach the same level of CVD risk as the
participant with the HbA1c level of 8%. In
this article, we have expressed the effect
of a 1-percentage point increase in HbA1c
(e.g., from 7% to 8%) on the risk of
microvascular and CVD complications
and mortality in the number of years
of age that would yield the same increase
in risk of CVD (i.e., same log hazard ratio
[HR]). Likewise analyses were then con-
ducted for duration of T1D instead of age.

RESEARCH DESIGN AND METHODS

Participants
The methods of the DCCT/EDIC study have
beenpreviouslydescribedindetail (12,13).
Briefly, theDCCTenrolled1,441individuals
with T1D who were then randomly as-
signed to receive either intensive therapy
(n 5 711) or conventional therapy (n 5
730). Intensive therapy aimed to achieve
glycemic levels as close to normal as safely
possible, while conventional therapy

aimed to prevent symptoms of hypo- and
hyperglycemia with no predefined glyce-
mic targets. In 1993, after a mean follow-
up of 6.5 years, the DCCT ended. All
participants were taught intensive ther-
apy and referred to their health care
providers for their diabetes care. In 1994,
the observational follow-up study, EDIC,
enrolled 96% of the surviving DCCT co-
hort, with 94% of the surviving DCCT
cohort still actively participating after
.20 years since the start of EDIC.

The present analyses used all available
data in the full cohort (n 5 1,441) over
the combined DCCT/EDIC follow-up.

Risk Factors
HbA1c was measured quarterly during
DCCT and annually during EDIC using
high-performance liquid chromatogra-
phy. To account for the different mea-
surement frequencies during DCCT and
EDIC, the models used the mean updated
DCCT/EDICHbA1c,which is a time-dependent
exposure calculated by weighting each
value by the time interval between mea-
surements (one-quarter over quarterly
DCCT follow-up and one over annual EDIC
follow-up) (14). The DCCT baseline HbA1c
value was not included in the calculation
of the mean updated DCCT/EDIC HbA1c
value.

Cardiovascular Outcomes
Annual medical histories and electrocar-
diograms were used to ascertain CVD
events. A committee masked to DCCT
treatment group and HbA1c levels adju-
dicated all CVD events based on docu-
mentation provided in external medical
records. The compositeCVDoutcomewas
defined as time to the first occurrence of
CVDdeath, nonfatalmyocardial infarction
(MI), nonfatal stroke, subclinical MI on
electrocardiogram (silentMI), angina con-
firmed by ischemic changes with exercise
tolerance testingorbyclinically significant
obstruction documented on coronary an-
giography, revascularization (with angio-
plasty or coronary artery bypass), or
congestive heart failure (paroxysmal noc-
turnal dyspnea, orthopnea, or marked
limitation of physical activity caused by
heart disease). Major adverse cardiovas-
cular events (MACE) included CVD death,
nonfatal MI, or nonfatal stroke (8,11).

Renal Assessments and Outcomes
From DCCT baseline through EDIC year
18 (2012), albumin excretion rate (AER)

was measured from 4-h urine samples
using fluoroimmunoassay. In EDIC year
19, spot urine samples were collected,
and AER was estimated using the ratio of
urine albumin and urine creatinine con-
centrations. Serum creatinine was mea-
sured annually. Serum creatinine levels,
age, sex, and race were used to calculate
the estimated glomerular filtration rate
(eGFR) using the Chronic Kidney Disease
Epidemiology Collaboration equation.
End-stage renal disease was defined as
the initiation ofmaintenance dialysis or
kidney transplantation assessed yearly
by questionnaire and adjudicated cen-
trally. Macroalbuminuria was defined
as AER $300 mg/24 h, and reduced
eGFR was defined as estimated GFR
,60 mL/min/1.73 m2 on at least one
occasion or progression to end-stage
renal disease (9).

Retinopathy Assessments and
Outcomes
Standardized stereoscopic seven-field
fundus photographs were obtained ev-
ery 6months during DCCT and every 4th
year (staggered from the start of the
EDIC follow-up period) during EDIC. In
addition, photographswere obtained in
the full cohort at EDIC years 4 and 10.
The photographs were graded centrally
using the final Early Treatment Diabetic
Retinopathy Study (ETDRS) severity
grading scale. Graders were masked
to treatment assignment and other
risk factors (15).

Proliferative diabetic retinopathy (PDR)
was defined by neovascularization ob-
served on fundus photograph grading
or evidence of scatter photocoagulation.
Clinically significant macular edema
(CSME) was defined based on fundus
photography grading or the presence
of focal photocoagulation scars. Ocular
surgical interventionswere self-reported
at annual visits and captured based on
structured interviews conducted by
the study staff. Ocular surgery was de-
fined as a composite outcome that in-
cluded cataract extraction, vitrectomy,
and/or retinal detachment surgery,
glaucoma-related surgery (including laser
treatment, filtering surgery, cyclocryo-
therapy, or other operative procedures
to lower intraocular pressure), cornea or
lens-related surgery (including corneal
transplant or yttrium aluminum garnet
posterior capsulotomy), or enucleation
(10,16).
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Neuropathy Assessments and
Outcomes
Diabeticperipheralneuropathy(DPN)was
assessed twice during the DCCT (baseline
and 5 years) and once during EDIC (year
13/14). The primary DPN outcome was
confirmed clinical neuropathy, defined as
at least two abnormal findings among
symptoms, sensory signs, or reflex changes
consistent with a distal symmetrical
polyneuropathy (assessed by a certified
neurologist) plus nerve conduction
study abnormalities involving two or
more nerves among the median (motor
and sensory), peroneal, and sural nerves
(17). Cardiac autonomic neuropathy
(CAN) was assessed at up to five time
points during DCCT (baseline and years 2,
4, 6, and 8) and twice during EDIC (EDIC
year 13/14 and EDIC year 16/17) using the
R-R response to paced breathing, Valsalva
maneuver, and postural change in blood
pressure under standardized conditions.
Presence of CAN was defined as either an
R-R variation ,15 or an R-R variation
between 15 and 19.9 in combination with
a Valsalva ratio #1.5 or a decrease of
.10 mmHg in diastolic blood pressure
during 10 min of standing (18).

Mortality
Deaths were reported to the Data Co-
ordinating Center along with external
documentation (if available) and were
adjudicated by a within-study Mortality
andMorbidity Review Committee masked
to original DCCT treatment group assign-
ment and glycemic levels (19).

Statistical Analysis
Discrete factors were described using
percentages, while quantitative factors
were described using medians (first and
third quartiles).
Separately for ageanddurationofT1D,

the associations with glycemia (as cap-
tured by the mean updated HbA1c, a
time-varying exposure) were assessed
using separate Cox proportional hazards
(PH) models for CVD, retinopathy, ne-
phropathy, and mortality and using lon-
gitudinal logistic regression models with
generalized estimating equations for
neuropathy. Themodels are not adjusted
for other covariates. Therefore, the ad-
ditional years of age yielding the same
increase in the risk of an outcome as a
1-percentage point increase in HbA1c is
assessed in a model that only includes
HbA1c and age. Likewise, the additional

years of duration of T1D yielding the
same increase in the risk of an outcome
as a 1-percentage point increase inHbA1c
is assessed in a model that only includes
HbA1c and duration of T1D.

As an illustration, consider glycemia
and age relative to the risk of CVD. The
number of years of age (D) that provides
the same increase in CVD risk as a
1-percentage point increase in mean up-
dated HbA1c (such as from 7% to 8%) is
the ratio of the log HR for HbA1c to the log
HR for age in a Cox PH model for CVD
including both factors. Likewise, thenumber
of years of age that provides the same odds
of DPN or CAN as a 1-percentage point
increase inmeanupdatedHbA1c is the ratio
of log odds ratio (OR) for HbA1c to the log
OR for age in the generalized estimating
equation model for prevalent neuropathy
over time. Note that the value D can also
be interpreted as the equivalent number
of years saved with a 1-unit (1%) lower

HbA1c. Similar considerations apply for
durationof T1Dcalculations insteadof age.

CIs and z-test values for D were ob-
tained using the delta method. Note that
D5 0 when HbA1c is not associated with
the outcome (i.e., the numerator is zero),
andD is not defined when age (or duration
of T1D) is not associated with the outcome
(i.e., the denominator is zero). Moreover,
the parameter increases as the HR (orOR)
forHbA1c increasesoras theHR(orOR) for
age or duration of T1D decreases. Con-
versely, the parameter decreases as the
HR (or OR) for HbA1c decreases or as the
HR (or OR) for age or duration of T1D
increases.

Our goal is different from evaluating
whether the mean HbA1c moderates (en-
hances/reduces) the effect of age on
outcomes. Instead, interaction terms
between HbA1c and age (used as quanti-
tative variables) were included in the
models to assess whether the equivalent

Table 1—Baseline characteristics and number of events (with rate per 1,000
individuals at risk for 1 year for time-to-event outcomes or percent out of the
number of evaluations for longitudinal outcomes) among the 1,441 DCCT/EDIC
participants

A. Baseline characteristics
Group (% intensive) 49
Cohort (% primary) 50
Sex (% males) 53
Age (years) 27 (22, 32)
BMI (kg/m2) 23 (21, 25)
Smoking (%) 19
Systolic blood pressure (mmHg) 114 (106, 122)
Diastolic blood pressure (mmHg) 72 (68, 80)
Pulse pressure (mmHg) 40 (34, 48)
Pulse rate (bpm) 76 (68, 84)
Total cholesterol (mg/dL) 174 (153, 197)
Triglycerides (mg/dL) 70 (55, 94)
HDL (mg/dL) 49 (42, 57)
LDL (mg/dL) 107 (91, 127)
Duration of diabetes (years) 4 (2, 9)
eGFR (mL/min/1.73 m2) 125 (118, 134)
Log AER (mg/24 h) 2.4 (2.0, 2.9)
HbA1c (%) 8.8 (7.8, 10.1)
HbA1c (mmol/mol) 73 (62, 87)

B. Outcomes
Any CVD 184 (5.2*)
MACE 88 (2.4*)
Macroalbuminuria 192 (5.0*)
Reduced eGFR 189 (4.9*)
PDR 379 (12*)
CSME 431 (14.5*)
Ocular surgery 281 (7.6*)
DPN 662 (16.9†)
CAN 1,199 (15.8†)
Mortality 152 (3.9*)

Baseline characteristics data are median (interquartile range) for quantitative variables and
prevalencepercentage fordiscretevariables.*Rateper1,000 individualsat risk for1year.†Percent
out of the number of evaluations (N 5 3,919 for DPN, and N 5 7,574 for CAN).
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number of years of age differed by gly-
cemic levels. Ifstatistically significant, then
the equivalent number of years of age are
reported stratifiedbyHbA1c levels,7.5%,
between 7.5% (inclusive) and 8.5%, and
$8.5%. Similar calculations were con-
ducted for HbA1c and duration of T1D.
We also assessed whether the results

differed by the initial DCCT treatment
group (intensive vs. conventional) assign-
ment, which was addressed in two ways.
The first approach was to assess whether
the effect of themean updated HbA1c on
the risk of outcomes differed between
the original intensive group versus the
conventional group by using an interac-
tion term between mean updated HbA1c
and group. The second approach was to
conduct calculations separately by the
original DCCT group.
Given the exploratory nature of our

analyses, the results were not adjusted for
multiple testing, and z-test values .2 in
absolute value (or equivalently two-sided
P values ,0.046) were considered nom-
inally significant. However, to achieve
significance at level 0.05 adjusting for
the 10 tests (the number of outcomes)
using the Holm procedure would require
an absolute z-test value ,2.81 in abso-
lute value (or a two-sided P value,0.005)
for the most significant test and smaller z
values (larger P values) for the others.

RESULTS

The results reported in this study are
based on the data sets described in our
previous publications (8–10).

Detailed descriptions of the baseline
characteristics of the DCCT cohort have
been reported previously (14). Briefly, at
baseline, 47% of the participants were
women, median age was 27 years (first
and third quartiles of 22 and 32 years,
respectively), median duration of T1D
was 5.6 years (2.2 and 9), median systolic
blood pressure was 114 mmHg (106 and
122), and median diastolic blood pres-
surewas72mmHg (68and80) (Table1A).

During the combined DCCT/EDIC follow-
up, among the 1,441 participants, there
were 184 any-CVD events and 88MACE,
192 macroalbuminuria and 189 re-
duced eGFR events, 379 PDR and 431
CSME events, 281 ocular surgeries, and
152 deaths. There were 662 evaluations
(of 3,919 total evaluations) positive for
DPN and 1,199 evaluations (of 7,574
total evaluations) positive for CAN
(Table 1B).

Table 2 reports the equivalent number
of years of age and of T1D duration that
provide the same increase in risk as a
1-percentage point increase in the mean
updated HbA1c (such as from 7 to 8%).
The log (HR) for HbA1c was 0.403 and for
age was 0.094. Thus, an additional D 5
0.403/0.094 5 4.3 years of age would
provide the same increase in CVD risk
as a 1-percentage point increase inmean
updated HbA1c. The test of the hypoth-
esisD5 0 yields a z-test value of 5.44 (or
equivalently, a P value ,0.0001) that is
highly significant. For most of the out-
comes considered, a 1-percentage point
increase in HbA1c corresponded to a

substantial number of years of age or
duration of T1D. The equivalent years of
age are slightly lower than the equivalent
years of duration for any CVD, MACE, and
reduced eGFR and higher for CSME,
ocular surgery, DPN, and CAN. For mor-
tality, a 1-percentage point increase in
mean updated HbA1c (such as from 7 to
8%) resulted in the same increase in the
risk as an increase of 12.9 years of age.

Additional models added an interac-
tion term between HbA1c and age to the
models in Table 2. Interaction z-test
values .2 in absolute value were ob-
served for interaction terms between
meanupdatedHbA1candage for reduced
eGFR (z524.916) and CAN (z5 3.040)
and between mean updated HbA1c and
duration of T1D for PDR (z5 2.216) and
CSME (z 5 2.081). The equivalent num-
bers of years of age and T1D duration
for a 1-percentage point higher mean
updated HbA1c stratified by HbA1c lev-
els,7.5%, between 7.5% (inclusive) and
8.5%, and$8.5% are reported in Table 3.
The equivalent number of years of age
increased as the HbA1c level increased for
both reduced eGFR and CAN (Table 3A).
The equivalent number of years of T1D
duration decreased for PDR as HbA1c
increased, while for CSME, it was lower
for HbA1c $8.5% than for HbA1c levels
,7.5% and between 7.5% and 8.5%.

We did not find evidence of differ-
ences in the relationship between mean
updated HbA1c and age/duration of T1D
between the two initial DCCT treatment
groups (intensive vs. conventional). For

Table 2—The number of years (D) of either age or duration of T1D that provides the same ratio of risk of outcomes (OR for DPN
and CAN and HR for others) as does the mean updated HbA1c (per 1-percentage point increase, such as from 7% to 8%)

Age Duration of T1D

Coefficient HbA1c Coefficient age D* LL UL z Coefficient HbA1c Coefficient duration D† LL UL z

Any CVD 0.403 0.094 4.3 2.7 5.8 5.4 0.350 0.062 5.6 2.3 9.0 3.3

MACE 0.517 0.113 4.6 2.7 6.5 4.7 0.462 0.073 6.4 1.8 10.9 2.8

Macroalbuminuria 0.912 0.060 15.2 6.6 23.8 3.5

Reduced eGFR 0.854 0.071 12.1 8.3 15.9 6.3 0.382 0.020 18.0 4.3 31.7 2.6

PDR 0.912 0.143 6.4 5.3 7.4 11.6

CSME 0.641 0.034 18.9 11.6 26.2 5.1 0.663 0.093 7.1 5.4 8.8 8.0

Ocular surgery 0.718 0.063 11.4 8.2 14.6 6.9 0.698 0.096 7.3 5.1 9.4 6.6

DPN 0.523 0.066 7.9 5.8 9.9 7.5 0.468 0.084 5.0 3.7 6.3 7.4

CAN 0.355 0.072 5.0 3.5 6.4 6.8 0.338 0.082 4.1 2.8 5.5 5.8

Mortality 0.617 0.048 12.9 6.6 19.3 4.0

The z values correspond to a test of the null hypothesis Δ 5 0. Only results with z-test values .2 in absolute value (or equivalently, a two-sided P
value,0.046) are presented. Coefficient, log OR for DPN and CAN and log HR for others; LL, lower limit for 95% CIs; UL, upper limit for 95% CIs. *The
additional years of age equivalent to a 1-percentage point increase in HbA1c D is the ratio of the coefficient for HbA1c to the coefficient for age. For
example, for “Any CVD”: 4.35 0.403/0.094.†Likewise, the additional years of duration of T1D equivalent to a 1-percentage point increase in HbA1cD is
the ratio of the coefficient for HbA1c to the coefficient for duration of T1D. For example, for “Any CVD”: 5.6 5 0.350/0.062.
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example, for any CVD, the interaction
between mean updated HbA1c and
group was not statistically significant
(P 5 0.3034), and D was 4.5 in the
conventional group and 4.1 in the in-
tensive group. Likewise, for MACE, the
interaction between mean updated
HbA1c and group was not statistically
significant (P 5 0.3233), and D was 4.7
in the conventional group and 4.7 in the
intensive group.

CONCLUSIONS

Age and duration of diabetes are known
but unmodifiable risk factors for micro-
vascular and cardiovascular outcomes
and mortality in T1D. In this study, we
express the direct effect of glycemic
exposure in terms of equivalent years of
age and duration of T1D in a large and
carefully studied cohort of individuals
with T1D.
The number of years of age (D) that

provides an HR for CSME equivalent to
that of a 1-percentage point increase in
HbA1c (such as from 7 to 8%) was large
(18.9 years). As a ratio parameter, large D
values can occur either due to a large
numerator (HR for HbA1c) or a small
denominator (HR for age). For CSME,

the effect (i.e., the HR) for HbA1c was
similar to that for ocular surgery, but the
effect for age was much smaller. The HR
for the association between HbA1c and
the risk of PDR was similar to that for
CSME. However, the association be-
tween age and the risk of PDR was not
statistically significant, while the asso-
ciation with the risk of CSMEwas highly
significant. Note that the risk of macro-
albuminuria was not associated with age
when adjusted for the mean updated
HbA1c, and mortality was not associated
with duration of T1D when adjusted for
the mean updated HbA1c.

Our approach can be used for other
risk models for CVD, such as the Steno
Type 1 risk engine, in which CVD was a
composite outcome defined as ischemic
heart disease, ischemic stroke, heart
failure, and peripheral artery disease
(20). The Stenomodel also included sex,
diabetes duration, systolic blood pres-
sure, LDL, albuminuria, eGFR, smoking,
and exercise. Using our approach to the
Steno model, a 1-percentage point in-
crease in HbA1c is equivalent to ;3.3
years of age in terms of risk of CVD,
qualitatively similar to our estimate of
4.3 in the DCCT/EDIC study.

Diabetes has been proposed as a po-
tential cause of accelerated aging (21),
with genetic alterations (e.g., leukocyte
DNA methylation [22]) and premature
cell senescence (e.g., endothelial pro-
genitor cells and proximal tubular cells
[23]) as potential pathways. Our ap-
proach allows for the quantification of
premature aging by expressing the risk of
outcomes in terms of equivalent years of
age or duration of diabetes. Since the
DCCT/EDIC cohort only includes individ-
uals with T1D and does not have a com-
parison group of individuals without
diabetes, we illustrate this approach
using results from the Framingham
Study. The Framingham risk score for
CVD uses a CVD composite outcome
defined as coronary heart disease, cere-
brovascular events, peripheral artery dis-
ease, andheart failure (24). Furthermore,
the Framingham model provides risk
estimates separately for women and
men based on log transformed values
for age, total cholesterol, HDL choles-
terol, systolic blood pressure (separately
for treated and not treated), smoking
(yes/no), and diabetes (yes/no, T1D, and
type 2 diabetes combined). Since age
was evaluated on the log scale in the

Table 3—The number of years (D) of age (A) or duration of T1D (B) that provides the same ratio of risk of outcomes (OR for CAN
and HR for others) as does the mean updated HbA1c stratified by HbA1c levels <7.5%, ‡7.5% and <8.5%, and ‡8.5%

D LL UL z

A. The additional years of age equivalent to a 1-percentage
point increase in HbA1c

Reduced eGFR
Overall 12.1 8.3 15.9 6.29
HbA1c ,7.5% 20.7 25.3 4.0 0.28
7.5% # HbA1c , 8.5% 10.4 2.5 18.3 2.57
HbA1c $8.5% 25.3 8.6 42.0 2.98

CAN
Overall 5.0 3.5 6.4 6.75
HbA1c ,7.5% 1.2 22.7 5.2 0.61
7.5% # HbA1c , 8.5% 4.2 21.2 9.5 1.51
HbA1c $8.5% 6.2 3.1 9.3 3.95

B. The additional years’ duration of T1D equivalent to
a 1-percentage point increase in HbA1c

PDR
Overall 6.4 5.3 7.4 11.62
HbA1c ,7.5% 11.8 1.7 22.0 2.29
7.5% # HbA1c , 8.5% 10.4 4.8 16.1 3.59
HbA1c $8.5% 5.4 4.2 6.6 8.79

CSME
Overall 7.1 5.4 8.8 8.03
HbA1c ,7.5% 10.6 0.2 21.0 1.99
7.5% # HbA1c , 8.5% 17.2 6.9 27.6 3.26
HbA1c $8.5% 6.3 4.2 8.4 5.93

The z values correspond to a test of the null hypothesis Δ5 0. Only results for outcomes with z-test values for interactions.2 in absolute value (or
equivalently, a two-sided P value,0.046) for an interaction term between the mean updated HbA1c and age (A) and duration of T1D (B) are shown.
HbA1c values of 7.5% and 8.5% correspond to 58 mmol/mol and 69 mmol/mol, respectively. LL, lower limit for 95% CIs; UL, upper limit for 95% CIs.

2482 Equivalence of Age to Glycemia in DCCT/EDIC Diabetes Care Volume 43, October 2020



Framingham model, our approach for
estimating the number of years age
equivalent to diabetes present versus
not present is expressed as a fold change:
1.35-fold for women and 1.21-fold for
men. The average age during follow-up in
the DCCT/EDIC cohort was 39.2 years, so
that the additional risk of CVD between
those with and without diabetes corre-
sponds to;13.6 (539.230.35) years of
age for women and 8.1 (5 39.2 3 0.21)
years of age for men. Of note, in the
DCCT/EDIC cohort, the 13.6 and 8.1 years
of age correspond to ;3.2% (5 13.6/
4.29) higher HbA1c (such as from 5% to
8.2%) and 1.9% (5 8.1/4.29) higher HbA1c
(such as from 5% to 6.9%), respectively.
We estimated the number of years of

age and duration of T1D that yield the
same increase in risk as a 1-percentage
point increase inmean HbA1c using a Cox
PH model, which is a relative risk model.
However, the approach can be used for
virtually any regression model. For ex-
ample, using anAalen additive riskmodel
for any CVD yieldedD5 4.2 (95% CI 2.7–
5.7), very similar to D5 4.3 (95% CI 2.7–
5.8) using the Cox PH model.
As with results from any clinical study,

our findings apply most directly to pop-
ulations with similar risk sociodemographic
profiles, treatments, and definitions and
assessments of outcomes. Extrapolation to
different populations requires strong and
mostlyuntestableassumptions.Becauseof
the rigorousandstandardizedassessments
of putative risk factors and outcomes for
nearly threedecades, the fact thatdiabetes
care has been provided by community
practitioners for .20 years, and the re-
sults did not differ for former intensive
and conventional therapy participants,
we believe our findings are generalizable
to other similar populations with T1D.
A limitation of our study is that current

cardiorenal-protective agents were either
unavailable (statins and angiotensin recep-
tor blockers) or not prescribed by protocol
(ACE inhibitors) during the DCCT. However,
these agents have been available and
their use has increased during EDIC (e.g.,
to 43% and 59% use of ACE inhibitors and
lipid-lowering medication, respectively, at
25 years fromDCCT baseline). Sincemost of
the outcomes occurred during EDIC (e.g.,
165 out of the 184 any-CVD events and all
88 MACE), when these agents were avail-
able to our participants, our findings are
based on a cohort of individuals with T1D
receiving standard diabetes care.

These analyses demonstrate that the
effect of average glycemia, as measured
by a 1-percentage point increase inmean
undatedHbA1c, can be expressed in terms
of additional years of age or duration of
T1D that yield the same risk of microvas-
cular and cardiovascular complications
and mortality. The results provide a clin-
ically relevant interpretation of the burden
of glycemia on advanced complications
that may prove more intuitive to health
care providers and individuals with T1D
and therefore reinforce their efforts to
strive for optimal glycemic control.
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